Japanese Laid-Open Patent Application No. 51-19453 

1. TITLE OF THE INVENTION 

BUFFER MEMORY CONTROL METHOD 

2. SCOPE OF CLAIM 

A buffer memory control method used in a data processing system that includes 
a buffer memory and a priority order management unit that manages a priority order of 
a block unit, the block unit being of a predetermined number that is transferred to the 
buffer memory, said method comprising: 

providing information for managing a validity of block unit information per 
unit of the block unit information transferred to said buffer memory; 

placing, using said priority order management unit, invalid block unit 
information in order starting with a low priority, based on said information, and 
providing information specifying that the block unit information is not invalid but the 
block should be replaced, for the block unit transferred to the buffer memory; and 

controlling said priority order management unit to place the block unit for 
which the information has been provided lower in the priority order. 

3. DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention is relates to a buffer memory control method, and in 
particular, relates to a buffer memory control method that a replacement process, in 
which block units are transferred to a buffer memory, stores information for indicating 
that the prescribed information is no longer valid or information indicating that 
compared to other information, the prescribed information should be replaced although 
it is valid. As well as controlling block units, to which the former information or the 
latter information is given to be replaced. 

Since in data processing devices that have a buffer memory, the number of 
block units that can be stored in the buffer memory is limited, the next block unit that 
may be replaced is controlled to be determined every time there is an access by setting a 
priority order management unit. 

In this case, based on the logic of the Least Recently Used (LRU), the most 
recently used block unit is given the highest priority and its opposite block unit is 
controlled as a block unit to be replaced. Also, in other methods which are not based 
on the LRU logic, the logic for determining a block unit to be replaced conventionally 
follows a passive logic where a block unit to be replaced is determined through 
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comparison with other block units. Contrary to a passive logic, an active logic simply 
indicates an obviously invalid block unit. 

A goal of the present invention is to indicate a block unit that is not invalid as 
information but should be actively replaced, and to actively replace such block unit due 
to the priority order management unit. To this end, the buffer control method of the 
present invention is a buffer memory control method used in a data processing system 
that includes a buffer memory and a priority order management unit that manages a 
priority order of a block unit, the block unit being of a predetermined number that is 
transferred to the buffer memory, and includes: providing information for managing a 
validity of block unit information per unit of the block unit information transferred to 
the buffer memory; placing, using the priority order management unit, invalid block unit 
information in order starting with a low priority, based on the information, and 
providing information specifying that the block unit information is not invalid but the 
block should be replaced, for the block unit transferred to the buffer memory; and 
controlling the priority order management unit to place the block unit for which the 
information has been provided lower in the priority order. Description shall be given 
with reference to the figures. 

Figure 1 shows an example of a data processing system in which the buffer 
memory control method of the present invention is applied. Figure 2 shows an 
example structure of address information for assigning specific memory information. 
Figure 3 shows an example structure of the block unit replacement determination in the 
present invention. 

In Figure 1, each number corresponds as follows: 1 is a main memory; 2 is a 
central processing unit having a buffer memory; 3 is a buffer memory; 4 is a directory 
for managing the block unit address information stored in 3; 5 is a memory access 
device; 6 is an instruction control unit; 7 is a processor; 8-0 and 8-1 are channel control 
devices; 9 is a file control device; 10 is a mass external storage; 11 is an input/output 
control device; 12 is an input/output device. 

The main memory 1 is segmented into 8 block unit 13 and has a total number 
of block units of m (tag) x n (column). 4 block units per column can be transferred to 
and stored in the buffer memory 3. When it is necessary to access information within a 
block unit that is not present in the buffer memory 3, the block unit with the lowest 
priority of the 4 block units is controlled to be replaced. That is, corresponding to access 
by the access origin, such as the central processing unit 2 and the channel control 8-0 or 
8-1, the directory 4 is searched for necessary information; if the necessary information 
is present in the buffer memory 3, such information is read out from the buffer memory 
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3. If such information is not present, the main memory 1 is accessed for the necessary 
information, which is transferred to the access origin. At the same time, the block unit 
including such information is stored in the buffer memory 3. The lowest priority block 
unit of the four block units in the buffer memory 3 is extracted. 

In this case, LRU is traditionally employed as the logic for determining a block 
to be replaced,. Also, when a block-unit information in the buffer memory 3 becomes 
invalid due to being rewritten by another device in the main memory 1, this invalid 
block unit is replaced. 

In addition to the conventional replacement processing logic, the present 
invention makes it possible to specify a block unit to be actively replaced. In other 
words, 

(1) As shown in Figure 1, in the case where the channel control 8-0 transfers data from 
main memory to the mass external storage 10, the block unit information including 
such data is stored in the buffer memory 3. However, after the last data within the 
block unit is accessed, there is no longer any value in the block unit being present in 
the buffer memory 3 . 

(2) When comparing to information accessed by the central processing unit 2 with 
information accessed by the channel control 8-0 or 8-1, in the former case, adjacent 
addresses are more likely to be accessed by turns according to the implementation 
of processes, while in the latter case, because adjacent addresses are less likely to be 
accessed, after a block unit is accessed, placing the unit in the buffer memory 3 is of 
less value. 

(3) Considering access by the access origin, for example, it is of comparatively less 
value to place data in the buffer memory 3 when the access origin accesses the user 
domain. 

(4) Considering a monitor mode and a user mode of a program in the data processing 
unit, the latter is of less value to be placed in the buffer memory 3. 

(5) Depending on the types of processing of the data processing unit, it can be expected 
that there is no or extremely little possibility that after certain information is 
accessed, such information is accessed again for a certain amount of time. In this 
case, certain block units have no longer any value to be present in the buffer 
memory 3 after they have been accessed once. 

In such cases, block units being of less value are controlled to be actively 
replaced automatically or through an instruction. 

As shown in Figure 2, the address information in the present invention is 
specified in "tag address information", "column address information", and 
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"address-within-block information". 

In figure 3, each number shows: 4 is a directory; 13 is an address register; 14-0, 
14-1, 14-2 and 14-3 are comparators; 15 is a priority order determination circuit; 16-0, 
16-1, 1,6-2 and 16-3 are the lowest order set flip flop. 

As explained in connection with Figure 1, when the buffer memory 3 is 
accessed, address information is set in the address register 13 of access origin, and the 
directory 4 is read out based on the column address information. For example, if such 
column address information is corresponding to the # 0 column, the tag address 
information is read out all at once from four set positions of the # 0 column of the 
directory 4, that is the # 0 set position to the # 3 set position. This tag address 
information that has been read out is the same tag address information per block stored 
in four set positions of the # 0 column in the buffer memory 3 (Figure 1) and is 
compared with the tag address information in the register 13 using the comparators 14-0 
to 14-3. Then, if mismatch signals are emitted from all comparators, the 
corresponding set position in the buffer memory 3 or a block unit stored in the # 1 set 
position is expelled and a new block unit is transferred from the main memory 1 to that 
position. Then, the # 1 set position, in which a new block unit is stored, is given the 
highest priority, and after the lowest priority is determined, a relevant flip flop such as 
16-2 is set. 

In this case, the information V, which indicates whether or not a block unit 
stored in the buffer memory 3 is valid, is stored together in the directory 4. To 
determine the lowest priority, if there is a block unit where the information V is logic 
"0" (that is invalid), the flip flop of the existing set position of such block unit is set. 

In the present invention, in addition to the information V and the process of 
determining the priority order, information indicating that " not invalid as information 
but should be replaced" illustrated as the information R in the directory 4 is controlled 
to be stored (not limited to 1 bit). Also, a block unit in which such information R is 
logic "1" (that is it should be promptly replaced) is actively replaced. In other words, 
firstly, the block where the information V is at logic 0 placed at the lowest priority. 
Secondly, when all the information V is at logic 1, the block where the information R is 
at logic 1 is placed at the lowest priority. Thirdly, when the information V is at logic 1 
and the information R is at logic 0 for all blocks, for example, the lowest priority block 
is controlled to be determined based on the LRU logic. 

A block unit to be specified as logic 1 on the information R is determined 
according to the above mentioned (1) to (5) and so on. Then, the information R is 
automatically changed to logic 1 or is changed to logic 1 through an instruction. 
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As explained above, according to the present invention, in the process of 
determining a block to be replaced through the priority order determination circuit 15, a 
block to be actively replaced is processed to be easily replaced according to the 
information R. Compared to the conventional method which equally considers all 
block units that are not invalid and employs logic such as the LRU logic, the present 
invention allows the implementation of a more effective buffer memory control. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an example of the data processing system to which the buffer 
memory control method of the present invention is applied. Figure 2 shows an 
example structure of the address information of assigning specific memory information. 
Figure 3 shows an example structure of determining a block unit to be replaced 
according to the present invention. 

The figures show: 1 is a main memory; 2 is a central processing unit; 3 is a 
buffer memory; 4 is a directory; 8-0 and 8-1 are channel control devices; 9 is a file 
control device; 10 is a mass external storage; 15 is a the priority order determination 
circuit; V is information to manage information validity; R is information to indicate 
that information is not invalid but should be replaced 

Patent Applicant: Fujitsu Limited 
Patent Agent: Hiroshi Morita 
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